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Integrated Biomedical Information Portal System and Method 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention is generally directed to the field of biomedical 
information analysis, and more particularly to computer methods and systems of accessing 
5 biomedical information. 

2. Description of the Related Art 

Biomedical research data that describe, measure and improve life is becoming 
the vital exchange medium for all new medical knowledge and the way by which we 
understand it. However, a resulting culture of point-solution software and services 

10 acquisitions, combined with large systems integrators, has created an inefficient tapestry of 
non-standardized data technology systems with high ongoing maintenance and support costs. 

The number of transfers a therapy undergoes during development exacerbates 
this state of affairs. For instance, many drug compounds are sold or licensed at multiple 
times. This does not include the myriad exchanges of data and information between the 

15 sponsor and its external partners, such as laboratories, independent data review boards and 
regulatory authorities. As a result, nearly all strategic plans for the world's largest 
pharmaceutical research firms include provisions for reengineering the data access and 
analysis model. 

The Food and Drug Administration (FDA) is the primary agency of the United 
20 States government that oversees the approval process of therapeutic compounds. The FDA 
requires as part of the approval process meticulous records that allow the agency to review all 
data generated for a particular compound. 
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SUMMARY OF THE INVENTION 
The present invention solves the aforementioned disadvantages as well as 
other disadvantages. In accordance with the teachings of the present invention, an Internet- 

5 based system and method and process frameworks deploy computer software and deliver 
biomedical information directly to the medical scientist or regulatory agency. The presented 
process frameworks of the system and method provide lasting mechanisms for maintaining 
the rapid flow of analytical knowledge and speeding the collaborative process around 
biomedical research data by the development of data and biomedical informatics portals 

10 attached to drugs, biologies and devices. The system and method may also include genomics 
data. This unifies information and minimizes the cost of transfer and due diligence expenses 
associated with new therapies under development. 

The system and method provide a common framework for data between the 
sponsor, development partners, alliance network, research sites and regulatory bodies 

15 supporting dialogue among organizations and permits efficient sharing of information about a 
compound with external partners in a secure environment. When data about a compound is 
transferred, the system and method provide an efficient transfer mechanism and decreases the 
cost of scientific due diligence that must be conducted to sell, purchase, build alliances 
around, regulate, approve or monitor a compound. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention satisfies the general needs noted above and provides 
many advantages, as will become apparent from the following description when read in 
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conjunction with the accompanying drawings, wherein: 

FIG. 1 is system block diagram that depicts a bioinformatics portal system 

environment; 

FIG. 2 is a block diagram that depicts data collection and integration across 
5 various biomedical development phases; 

FIGS. 3-13 are screen images that depict graphical user interfaces associated 
with acquiring data and metadata; 

FIG. 14 is a data structure diagram that depicts the interrelationships among 
the different phases' metadata structure; 
10 FIG. 15 is a flowchart that depicts analysis and reporting processes for a 

biomedical portal site; 

FIGS. 16-18 are block diagrams that depict a project data access and 
ownership transfer scheme used within a biomedical portal site; 

FIG. 19 is a block diagram that depicts an interrelationship scheme between 
15 the biomedical data warehouse and the genomic data warehouse; and 

FIG. 20 is a block diagram that depicts the effectiveness of a biomedical portal 
site to accomplish quality management within an FDA compliant environment. 



DETAILED DESCRIPTION 
20 FIG. 1 depicts a biomedical portal computer system generally at 30. The 

biomedical portal computer system 30 collects and integrates biomedical data across multiple 
biomedical development phases. Due to this data integration, life science and pharmaceutical 
industry scientists can better understand and more rapidly predict the safety and efficacy of 
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such biomedical products as drags, biologies and medical devices. This better understanding 
translates into a more coherent reporting of the safety and efficacy of biomedical products to 
personnel from the Food and Drug Administration (FDA) during the product's approval 
process. 

5 Various biomedical functional departments 32 use the portal system 30 during 

the different biomedical development phases. During the discovery phase 34 wherein 
laboratory testing is performed, the discovery department provides discovery-related data to 
p the biomedical portal system 30. The clinical studies phase 36 uses animal and patient 

; |! testing to further hone the development of a biomedical product. The biomedical portal 

m 10 system 30 collects the animal and patient testing data. The biostatistics department 38 
: analyzes the data collected during the phases. 

i y Additional phases' data are also collected, such as data from the FDA approval 

H phase 40 and the product release phase 42. The FDA approval phase 40 not only provides 

additional data (such as areas of concern identified during the FDA approval phase 40 for the 
15 proposed biomedical product) but also uses the data collected and integrated from the 

previous phases to perform its analysis. The product release phase 42 provides data to the 
biomedical portal system 30 that relates to how the biomedical product is performing in the 
field and the circumstances behind any adverse reaction involving the biomedical product. 
Company partners 60 (e.g., co-developers of the biomedical product) may also interface with 
20 the biomedical portal system 30. 

The biomedical portal system 30 stores the collected data from the different 
phases in a biomedical data warehouse 44. Metadata within the biomedical data warehouse 
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44 describes the collected data and how it interrelates with not only data from the collected 
data's respective phase, but also how it relates to data collected during other phases. 

Another data warehouse 46 stores genomic data, such as gene information 
gathered from patients tested during the clinical studies phase 36. Metadata within the 
5 genomics data warehouse 46 describes the genomic data and how it relates to biomedical 
product information stored within the biomedical data warehouse 44. The interrelationships 

U between the data warehouses 44 and 46 allow genetic information to be part of the 

h 

D biomedical product evaluation. 

s ; 
SSSt 

+; For example, if several people exhibit an adverse reaction after a biomedical 

rt 10 product has been released, then a detailed historical development profile may be constructed 

y : using the interrelationships contained within the biomedical data warehouse 44. The 

i y 

M= biomedical data warehouse's data and its interrelationships help to identify where the adverse 

C reactions were located geographically so that demographic analysis may be performed. 

(Additional analysis involving the metadata may include, for example, analysis of what 
15 distributors were associated with the distribution of the biomedical product that caused the 
adverse reaction.) The metadata within the biomedical data warehouse 44 links the relevant 
product release's information with FDA approval phase information and to the other 
development phases' data. In this manner, the biomedical portal system 30 can identify 
whether such an adverse reaction was identified during the FDA approval phase 40 as well as 
20 whether the adverse reaction had been identified and studied during the discovery and clinical 
studies phases 34 and 36. The metadata contained within the genomic data warehouse 46 
augments the detailed analysis of the adverse reaction. The genomic metadata provides 
genetic data that is associated with the patients tested during the clinical studies phase 36 and 
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indicates whether the genetic data (of those patients who exhibited the adverse reaction) had 
a similar genetic makeup to the people in the field who also exhibited the adverse reaction. 

The data warehouses 44 and 46 used to store the biomedical and genomic data 
and metadata may provide prediction and modeling capabilities. The data warehouses also 

5 allow for unstructured data sources 50 (e.g., data in word processing documents) to be 

entered as structured data (e.g., data records in a database) into the data warehouses 44 and 
46. The metadata retains a record of the process involved in the unstructured data sources' 
conversion. Technology to build such data warehouses is available from SAS Institute Inc. 
located in North Carolina (which company provides such software products as Warehouse 

10 Administrator). 

Users from different development phases gain access to the biomedical portal 
system 30 through an Internet connection 52. A server 54 receives and processes the data 
input and requests of the users. With respect to data input to the biomedical portal system 30, 
a knowledge management system 56 contains a set of graphical user interfaces tailored to 

15 obtain not only the data points associated with the particular task of a phase, but also 
metadata about the data points. The graphical user interfaces are constructed to capture 
metadata whose utility may not be fully apparent until a later development phase. For 
example, the FDA may be concerned with whether the biomedical product was tested under 
certain conditions which may not have seemed relevant during the earlier development 

20 phases. The FDA may desire testing for certain biomedical products to have been performed 
with patients taking Ibuprofen in addition to the biomedical product under evaluation. Also, 
the FDA may require that certain patient sampling sizes are needed before approval is gained. 
The metadata in these earlier phases may be directed to obtaining information from patients, 
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such as whether they were taking Ibuprofen. The metadata may also provide suggestions that 
a larger sampling size be taken so that FDA compliance may be more easily obtained. 

With respect to processing data requests of the users, an analysis and reporting 
module 58 uses the metadata to identify the datasets that satisfy the users' request. Another 
5 module 62 handles the more specific task of requests directed to regulatory submission and 
document management. Module 62 validates results for compliance with FDA requirements, 

i such as what data conversions were performed on the data being presented to the FDA. Due 

O 

Q to the metadata, the module 62 reduces the time for final document generations such as 

£ NDAs (New Drug Applications) and INDs (Investigational Drug Applications). It also 

10 facilitates compilation of FDA submission documents, such as ISS (Integrated Summary of 
l j Safety) and ISE (Integrated Summary of Efficacy). 

jj[ FIG. 2 depicts graphical user interfaces 100 (GUIs) that assist in the data 

p collection and integration across multiple biomedical development phases. Each phase 

contains its own graphical user interface(s) 100 whose structures are defined by what data 
15 points are to be collected in their respective phase as well as what metadata is to be collected 

and stored in the metadata data structures 102. As used herein, the term graphical user 

interface includes using one or a series of screen interfaces to capture and display data and 

metadata. 

Unique graphical user interfaces may be developed for each company whose 
20 biomedical development data resides within the biomedical data warehouse 44. While the 
appearance and certain data fields on the GUIs 100 may not be the same for each company, 
the GUIs 100 still capture the metadata for the development phases. 
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It should be understood that the data collection process may occur in many 
different ways. This is chiefly a result of the varied manner in which the biomedical industry 
acquires biomedical data. For example, the biomedical portal site 30 may collect data and 
metadata at approximately the same time that the data is generated. In another situation, the 
5 biomedical portal site 30 may collect data and metadata well after the data was generated. 
This may arise when a second company acquires rights to a biomedical product from a first 
company. The first company may have successfully completed the discovery phase for its 
biomedical product and sold the rights of the biomedical product to the second company. 
The second company may have purchased the rights "outright" or may have acquired the 
10 rights through acquisition of the first company. The second company uses the discovery data 
collection GUI 104 to "retroactively" place the discovery data and metadata into the 
biomedical data warehouse 44. This may be accomplished in a number of ways. For 
example, the second company may place unstructured discovery data into the biomedical 
warehouse 44 and populate the discovery metadata data structure 106 with metadata 
1 5 indicating the unstructured source and other attributes of the data. 

FIGS. 3-13 depict graphical user interfaces associated with acquiring data and 
metadata. The biomedical portal site uses metadata to drive its component applications. 
Specifically, the clinical metadata is used by a data explorer and a reporting wizard as shown 
in the following examples. Metadata is captured dynamically from the user as shown in 
20 FIGS. 3-5. At the protocol level as shown in FIG. 3, the metadata describes (among other 
things) the patient identifier information 150, the visit identifier information 152 and the 
study period information 154. At the dataset level as shown in FIG. 4, the metadata describes 
the variables (fields) within the dataset in terms of variable names, descriptions, type, length, 
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format and informal, as well as data key information (shown at reference numeral 180). 
Additionally as shown in FIG. 5, measure definition and grouping metadata (190 and 192) is 
captured for further use by the data explorer. 

The data explorer reads the metadata that describes the protocol and datasets 
5 to dynamically build a domain and measures tree. This tree 200, which is rendered as a 

Windows-like folder tree, appears on the left-hand side of FIGS. 6-10. As the metadata from 
FIGS. 3-5 is updated, the resulting changes are rendered in the data explorer tree 200 of 
FIGS. 6-10. 

When the data explorer is started, the initial view (as shown in FIG. 6) renders 
10 only the datasets available for a particular protocol as defined in the platform metadata, as 
well as a new data table labeled User-generated columns 202. 

As the folders are expanded, the metadata that describes each dataset is 
rendered as shown in FIGS. 7 and 8. FIG. 7 indicates the variables (measures) available for 
review within the demography dataset 210. These lists of variables are dynamically created 
15 from the metadata that describes each dataset. 

In FIG. 8, the adverse events domain 220 has been expanded. The measures 
that are rendered are again built dynamically, based upon the metadata that describes the 
adverse events. In this case, the measure definitions and groupings (shown in FIG. 5) are 
used to dynamically structure the domains/measures tree. The measures vasospasm 222, 
20 anemia 224, etc., are not present in the adverse events dataset as individual variables, but are 
rendered based upon the dataset metadata. 

As measures are selected as shown in FIGS. 9 and 10, the selected information 
is used to dynamically render a viewable table (as shown in the right-hand side of the data 
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explorer window). The data being displayed in this window may not exist as shown 
anywhere in the database. Instead, the metadata that describes the protocol and datasets is 
used to merge (join) the selected datasets, and to display the individual variables as described 
by the dataset metadata - both in terms of variable descriptors as well as measure definitions 
and groupings. FIG. 9 shows the viewing of the data associated with the demography 
domain (the investigator name 230, sex 232, and race 234 have been selected and their data is 
shown respectively in columns 236, 238, and 240). FIG. 10 shows the viewing of the data 
associated with the demography and adverse events domain (Hypotens reported 250 has been 
selected and is viewed in column 252). 

Metadata is also used to drive the reporting wizard as shown in FIGS. 1 1 and 
12. In this wizard, user-specified parameters are used to create statistical and listing 
summary reports of the clinical data. Both the wizard interface as well as the report output 
are controlled by the available metadata. FIGS. 1 1 and 12 show how the metadata is used to 
control the variable selection process for the statistical analysis variables. In this example, 
only variables described by the metadata for the demography dataset are available for 
selection. The labels associated with these variables are defined within the dataset metadata. 
FIG. 1 1 depicts the dynamic selection of grouping variable (as shown by reference numeral 
260), and FIG. 12 depicts the dynamic selection of statistical variables (as shown at reference 
numeral 270). 

In FIG. 13, the results of applying the statistical analysis to the selected 
variables are displayed to form a demography statistical report 280. The metadata that 
describes the individual data sets has been used to label the results sections {Treatment Code 
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282, Race 284, etc.). As discussed earlier, updating this metadata subsequently results in 
updating the report output. 

It must be understood that the use of metadata by the biomedical site portal is 
not limited to only the data explorer and the reporting wizard, although it is most visible to 
the user in these applications, but is used in throughout in other data collection, analysis and 
reporting operations as described herein. 

FIG. 14 depicts the interrelationships 300 among the different phases' 
metadata structure. The interrelationships 300 permit traceability among the different phases. 
FDA audit trails and adverse effect analysis are but a few of the uses for the traceability 
feature. The interrelationships 300 may interrelate not only on an "infra-developmental" 
phase level, but also on an "inter-developmental" phase level. Metadata may be used to 
describe the interrelationships to allow analysts to exploit the interrelationships. Especially, 
when personnel change jobs and companies, this type of knowledge retention in the form of 
interrelationship metadata is valuable. 

The discovery metadata data structure 302 includes metadata at the dataset 
level and the measure definition and grouping level. The metadata data structures 304, 306, 
and 308 include metadata at the protocol level, dataset level, and the measure definition and 
grouping level. It should be understood that additional levels may be added to the metadata 
data structures in order to collect the metadata that best fits the situation at hand. 

FIG. 15 depicts a flowchart of the analysis and reporting processes for the 
biomedical portal site. At input block 320, a user requests to run a report or data 
transformation process. The user's request is funneled to the portal 108. The user further 
provides to the portal 108 prerequisite process components such as input and output tables 
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and code segments at step 322. Within the field of the invention, code segments refer to units 
of program code which are assembled to specify how a report is to be generated. 

With the user input data defined, the portal 108 displays at block 324 the 
object hierarchy, including predefined processes. At this processing point, the user may 
add/edit the process at 326 or may run the reporting process at 338 that will generate the 
desired report. If the user decides to add/edit the process at 326, then processing continues at 
block 328. At block 328, the user edits or defines process parameters and then at block 330 
the user selects the input data tables to be used in the report. Next at block 332, the user 
selects the code segments and defines any process-specific code parameters, such as 
specifying that only a terse summary report be generated instead of a verbose report. As 
shown by the iterative loop 334, the user may edit the code as necessary in order to 
adequately define the report data and format. The user at block 336 selects the process output 
which may be a report or a data table. 

After the user has completed the add/edit process or after the user has run the 
reporting process, the user specifies the run-time report parameters at input block 340. Based 
upon what report format the user has selected to view the results, the user receives either the 
results as report output 342 or as output data table 344. The reporting process is repeated as 
necessary by the user. 

FIGS. 16-18 depict a project data access and ownership transfer scheme used 
within the biomedical portal site. In the example of FIGS. 16-18, two different entities 400 
and 402 store their data within the biomedical data warehouse 44 that is maintained by a third 
party. This arrangement may arise in an Application Service Provider (ASP) situation. The 
first entity 400 is provided with a first uniform resource locator 404 (URL) that provides 
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access only to the first company's biomedical project 406. The second entity 402 is provided 
with a second uniform resource locator 408 (URL) that provides access only to the second 
company's biomedical project 410. Security may be supplemented by associating user names 
and passwords with the URLs 404 and 408. It must be understood that the entities referred 
herein may include many different entities so as to parallel how the biomedical and 
pharmaceutical industries operate. For example, the first and second entities may be different 
companies; or the first and second entities may be different divisions within the same 
division but responsible for different development phases; etc. 

With reference to FIG. 17, a third entity 420 is allowed in this example access 
to the first company's biomedical project 406. The third entity 420 may be another company 
that is interested in acquiring the rights to the first biomedical project 406, or the third entity 
400 may have formed a joint venture with the first company to assist the first company in 
further developing the first biomedical project 406. The third entity 420 may also be the 
FDA who is allowed access to the first biomedical project 406 in order to evaluate the first 
biomedical project 406 for approval. 

The third entity 420 is provided with the first URL 404 as well as a user name 
and password that may be the same as that used by the first entity 400. However, different 
user names and passwords may be provided to the third entity 400 in order to grant security 
access to only a subset of the data and metadata contained within the first biomedical project 
406. 

FIG. 18 represents the efficient manner in which ownership to a biomedical 
project is transferred between entities. In this exemplary situation of FIG. 18, the third entity 
has purchased the rights to the first biomedical project 406 and under the terms of the 
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purchase the first entity 400 is not allowed to further develop the project 406 nor have access 
to the project 406. To accomplish the ownership change, the third entity 420 is provided 
with the first URL 404, but with a different user name and password, thereby precluding the 
first entity 400 from accessing the first biomedical project. It must be understood that 
additional security mechanisms may be used to further prevent access by the first entity 400 
of the project 406. 

FIG. 19 depicts an interrelationship scheme between the biomedical data 
warehouse 44 and the genomic data warehouse 46. Both data warehouses 44 and 46 contain 
metadata which describe their respective internal data. Moreover, biomedical-genomic 
interrelationships 450 exist to link data contained in the two data warehouses 44 and 46. For 
example, a patient's clinical data gathered during the clinical studies phase may be linked 
through the interrelationships 450 to the patient's genomic information and the metadata 
contained in the genomic metadata data structure 451. 

The linkages 450 prove valuable in such analysis as may be performed by an 
adverse reaction analysis module 452. The adverse reaction analysis module 452 may be 
investigating whether adverse reactions (discovered after release of a biomedical product) 
had been identified and studied during an earlier phase (such as the clinical studies phase). If 
it had not been identified, then the adverse reaction analysis module 452 provides 
suggestions on what changes (especially in the metadata collection) should occur so that 
future tests which involve this or similar types of biomedical products may more likely 
identify the adverse reaction. If the adverse reaction had been identified and studied in the 
clinical phase, then the genetic makeup of the clinical patients may be compared to the 
genetic makeup of the post-release adversely affected people to achieve a better solution. 
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FIG. 20 depicts the effectiveness of the biomedical portal site to accomplish 
quality management within an FDA compliant environment. The biomedical portal site 
comports with current good clinical, manufacturing and laboratory practices and regulations 
such as 21 CFR Part 11 (electronic records; electronic signatures) which mandate that 
computerized systems used to create, modify, maintain, archive, retrieve or transmit 
electronic records shall be validated to ensure accuracy, reliability, and consistent intended 
performance. The biomedical web portal ensures that there is validation according to these 
regulations and industry practices. The biomedical portal site contains a framework of 
policies, standard operating procedures (SOPs), processes, enabling tools, tailoring guidelines 
and an internal infrastructure that collectively prescribe, govern, and guide subsequent 
biomedical portal development. 

Business drivers that impact the biomedical web portal include business 
strategy, state-of-the-practice methodologies and regulations. The overall business strategy 
and vision are defined based on input from biomedical management. Current state-of-the- 
practice methodologies are derived from the pharmaceutical, biotechnology, and software 
engineering industries. Best practices are adopted from the Capability Maturity Model 
(CMM) for Software developed by the Software Engineering Institute of Carnegie Mellon 
University. Regulations that affect business include 21 CFR Part 1 1 (Electronic Records; 
Electronic Signatures). 

Policies provide the rules that govern, guide, or constrain operations in the 
biomedical project's organization. They reflect that actions are to be taken to ensure that 
processes are established to define operations and that the processes will endure. Business 
strategy, state-of-the-practice methodologies and regulations contribute to the policies. 
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Regulatory organizations require that SOPs be in place in organizations that 
serve the pharmaceutical and biotechnological industry. General SOP definitions share the 
following characteristics: 

• SOPs are written instructions that identify satisfactory methods 
to ensure the quality and integrity of, among other things, data generated in the course 
of a study. 

• Deviations to SOPs must be reported, recorded and responded 
to in an authorized fashion. 

• Changes to SOPs must be made in authorized fashion. 
SOPs serve as regulatory checkpoints for the biomedical project's 

organization. They describe the tasks that must be performed in order to be compliant with 
FDA regulations. Further, their development, implementation and maintenance are performed 
in a manner that is consistent with regulations. 

Processes describe operations (i.e., what the biomedical project organization 
does) and detail the sequence of steps performed for a given purpose (i.e., how the 
biomedical project organization does it). The processes are supported by a methodology we 
refer to as whole product wheel elements that are shown in FIG. 20. These elements are 
enabling tools and methods that ensure the adoption of the processes across the organization. 
Examples of these elements are training, tools, metrics, and installation support. 

Processes ensure that products are developed and maintained using a well- 
defined system development life cycle that is consistent with current guidance documents. 
Detailed requirements specifications are developed and analyzed to lay the foundation for 
development activities. Planning methods are used to plan validation and development 
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activities, identifying potential risks and determining actions to mitigate these risks. Project 
management and quality assurance are in place to track the progress and quality of the system 
and to take corrective actions when actual results deviate from planned results. Established 
development methods are used to build the system. These methods have quality control 

5 activities built into the processes to ensure that quality is built in, not added on to the end. 
Before movement of the system to production, a number of assessments are performed to 
ensure a valid environment according to regulations and engineering practices. These 
activities include user training, installation qualification/operational qualification (IQ/OQ) 
testing, and user acceptance testing. The system is placed under change control to ensure 

10 ongoing validation throughout the life cycle of the system. 

In most cases, general SOPs and processes apply to all areas of the 
organization. Where differences in projects and customers exist that cannot be 
accommodated within the existing procedural structure, tailoring guidelines are established to 
provide a version of the process for specific types of projects. The quality lead person on 

15 each project works with the project team to tailor the standard processes according to the 
documented guidelines for the specific needs of the project. 

In order for the quality management system to work efficiently and 
effectively, a balance is achieved among the various components. This balance is achieved 
through the collaborative efforts of the regulatory affairs, software process engineering and 

20 quality management systems departments. The quality management systems department 
supports the establishment, monitoring and continuous improvement of the quality system. 
Regulatory affairs ensure the internal regulatory compliance of the biomedical portal site. 
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Process Engineering is responsible for managing the effort of developing and improving 
software engineering processes that support policies and SOPs. 

The preferred embodiment described with reference to the drawing figures is 
presented only to demonstrate an example of the invention. Additional, and/or alternative, 
embodiments of the invention would be apparent to one of ordinary skill in the art upon 
reading this disclosure. For example, the biomedical portal site may assume many different 
configurations. A configuration may include each entity (e.g., company) having its own web 
portal to its own server and its own data warehouse. Another configuration may include two 
entities accessing data warehouses through the same web portal but their respective projects 
are contained in separate data warehouses. 
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